Eighty patients with clinical indications for cardiac pacing had atrioventricular conduction analysed by His bundle study. The indications for cardiac pacing included high grade atrioventricular block, sick sinus node syndrome without tachycardia, bradycardia-tachycardia syndrome, unstable bilateral bundle-branch block, and uncontrolled ventricular irritability.
Intensive study of atrioventricular conduction by His bundle analysis has been performed in a variety of patient populations. In many instances studies were electively undertaken in patients who had never been threatened by a compromising cardiac arrhythmia. In addition, abnormalities of atrioventricular conduction were frequently achieved by pacemaker-induced acceleration of the atrial rate. The purpose of this study was to characterize atrioventricular conduction in a group of patients who had clinical indications for a cardiac pacemaker. Atrioventricular conduction was analysed by His bundle electrogram in 80 patients who were referred for transvenous cardiac pacing. The clinical indications for cardiac pacing included third degree block, second degree block, sick sinus node syndrome without tachycardia, bradycardia-tachycardia syndrome, unstable bilateral bundle-branch block, and uncontrolled ventricular irritability. Data pertaining to atrioventricular conduction were obtained during the course of transfemoral venous pacemaker insertion. The characteristics of atrioventricular conduction were noted as well as standard electrocardiographic evidence of remote or current intraventricular conduction disturbances.
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occurring electrophysiological data in this large group of patients in clinical need of pacemakers constitutes the substance of this report. The data should be representative of the cardiac conduction abnormalities which present in a general hospital.
Subjects and methods
Atrioventricular conduction was studied in 8o patients referred for temporary or permanent cardiac pacing.
Temporary transvenous pacing was performed via the transfemoral route with a No. 5 bipolar catheter. The ring electrodes were 2 mm in width and spaced I cm apart. His bundle electrograms were obtained by standard methods and were recorded on an 8-channel Electronics for Medicine oscilloscope recorder. Acutely ill patients had temporary pacemakers inserted and electrophysiological study conducted in the cardiac catheterization laboratory or the intensive care unit. Study in the latter area was facilitated by the use of a fluoroscopic bed and image intensifier. (Scherlag et al., 1972; Narula, Scherlag, and Samet, 1970b (Kuppersmith, Krongrad, and Waldo, I973) . Measurements were made from the first clear deflection of the H wave to the earliest onset of ventricular excitation presenting in one of several sampled standard electrocardiographic leads or the bipolar electrograms (V wave). The HV interval is one measurement of conduction through the distal specialized conduction system. Prolongation of the HV interval was defined as first degree block of the intraventricular conduction system.
All available electrocardiograms were reviewed for evidence of intraventricular conduction abnormality in the bundle-branch system. Abnormal conduction in the right bundle-branch, left bundle-branch, anterior division of the left bundle-branch, and posterior division of the left bundle-branch, respectively, result in right bundle-branch block, left bundle-branch block, left axis deviation, and right axis deviation (Rosenbaum, Elizari, and Lazzari, I970; Cohen et al., I968) . Combined disturbances in more than one conducting pathway can be recognized by combinations of these features. The 80 patients had an average age of 75 years, with the 44 men averaging 72 years and the 36 women averaging 77 years. The patients were grouped as follows: transient third degree block absent at study (I3), third degree block during study (i8), second degree block absent at study (4), second degree block during study (I5), unstable bilateral bundle-branch block (9), ventricular irritability (3), sick sinus syndrome (without tachycardia) (I3), and bradycardia-tachycardia syndrome (5).
Results

Atrioventricular conduction
The results ofatrioventricular conduction studies are detailed in Table i and summarized in Table 2 . Of I3 patients with transient third degree block before study, only 2 had normal conduction at the time of study ( Fig. I and 2 ). First degree block of the atrioventricular node was present in 5 patients. First degree block in the distal conduction system was present in 2 patients. Combined first degree block in the atrioventricular node as well as in the distal specialized conduction system was present in 2 patients. Wenckebach phenomenon (Mobitz I block) was present in the distal conducting system in 2 patients.
Fixed third degree block during study was present in I8 patients, of whom 6 had block at the atrioventricular node (failure to demonstrate a His deflection) and I2 had block in the distal specialized conducting system. Among the I2 patients who had distal block, 5 had associated first degree block in the atrioventricular node.
Transient second degree block was present before study in 4 patients. One patient had normal conduction at the time of study, i patient had first degree block in the distal conducting system, and 2 patients had first degree block of both the atrioventricular node and distal conducting system. Second degree block was present during study in (Fig. 3) and also was noted in the distal conducting system in 4 other patients (Fig. 4) . One patient had Mobitz II block in the distal conducting system (Fig. 5) . Three patients had 2: I block which occurred in the distal conduction system (Fig. 6) . Two patients had 2: i block of the atrioventricular node (Fig. 7 ). An additional patient had 2: i block in the distal conducting system and first degree block at the atrioventricular node. Sick sinus node syndrome without tachycardia occurred in I3 patients. The ventricular response was correspondingly too slow to sustain a haemodynamic compensation. Four patients had normal atrioventricular conduction, 5 had first degree block of the atrioventricular node, 3 had combined first degree block of the atrioventricular node and distal conducting system (Fig. 8) , and i had first degree block of the distal conducting system. Bradycardia-tachycardia syndrome was present in 5 patients. This syndrome is characterized by sinus bradycardia which is interrupted by a variety of rapid supraventricular arrhythmias. The patients may be symptomatic during the bradycardia or RRnmsec) 1004 during the tachycardia. Two patients had normal atrioventricular conduction, and there was one instance each of first degree block of the atrioventricular node and of the distal conduction system. The remaining patient had first degree block of both the atrioventricular node and of the distal conduction system.
Nine patients had unstable bilateral bundlebranch block. Six of this group had normal atrioventricular conduction, I had first degree block of the atrioventricular node, and 2 had combined first degree block of the atrioventricular node and distal conducting system. Implantation of a permanent pacemaker for control of ventricular irritability was performed in three patients. One patient had prolonged HisPurkinje conduction time. Another had prolonged atrioventricular node conduction. The remaining patient had normal atrioventricular conduction. or at the time of study in the presence of atrioventricular conduction, revealed a high frequency of intraventricular conduction abnormalities such as right bundle-branch block, left bundle-branch block, right axis deviation (greater than + go9), and left axis deviation (more leftward than -30°). Right bundle-branch block with right or left axis deviation was considered a manifestation of bilateral bundle-branch block. The frequency of intraventricular conduction abnormalities in each group was as follows: third degree block absent at study, 6 of I3 patients; third degree block present at study, ii of i8 patients; second degree block absent at study, 2 of 4 patients; second degree block present at study, I2 of I5 patients; sick sinus node syndrome, 4 of I3 patients; bradycardia-tachycardia syndrome, 2 of 5 patients; ventricular irritability 2 of 3 patients. The specific conduction abnormalities are summarized in Table 3 .
Underlying cardiac disease
The whole series included a predominance of patients with symptoms of ischaemic heart disease (72 patients). Other diagnoses included presumed idiopathic fibrosis of the conduction system (S), high blood pressure with aortic valve disease (2), and cardiomyopathy (i).
Discussion
His bundle study separates atrioventricular conduction into two major components consisting of atrioventricular node conduction and His-Purkinje intraventricular conduction. The present study characterized atrioventricular conduction in an elderly population that required cardiac pacing. Standard electrocardiograms revealed a high incidence of intraventricular conduction delay. Isolated and combined atrioventricular conduction abnormalities were frequently noted during His bundle study. The two most common diffuse underlying pathological processes causing high degree heart block are fibrosis ofthe conduction system (Lenegre's disease) and ischaemic heart disease (Lenegre, I962, I964; Davies, I97I). Our population had an average age of 75 years; go per cent of the patients suffered symptoms of cardiac ischaemia and 6o per cent had standard electrocardiographic evidence of abnormal conduction in at least one of the major intraventricular conducting pathways.
In most patients it is likely that an ageing process of the conducting system becomes generalized before the occurrence of a clinical problem which requires pacemaker therapy (James, I972); in spite of anatomical observations that pathological ageing processes distinguish between the-atrioventricular node and remainder of the conducting system (Davies and Harris, I969) , isolated abnormalities of distal conduction as defined by HV time and isolated abnormalities of atrioventricular node conduction were found with almost equal frequency.
There were 23 instances of the former and 24 instances of the latter. Fifty per cent of all patients (40/80) had an infra-His conduction abnormality confined to the distal system or combined with a conduction abnormality of the atrioventricular node. Examples of the high frequency of distal block were as follows: second degree block of the Mobitz I variety occurred six times in the distal system (Fig. 4) and four times in the atrioventricular node (Fig. 3) . 2:I block occurred four times in the distal system (Fig. 6 ) and twice in the AV node (Fig. 7) . Mobitz II block occurred once and was in the distal system (Fig. 5) . Our finding of a high incidence of distal conduction abnormality supports the findings of others in chronic third degree heart block (James, I972; Narula et al., I97oa; Steiner et al., I97I), Mobitz II block (Narula and Samet, I970; Narula et al., I97I; Samet and Narula, I970; Gupta, Lichstein, and Chadda, I973) , and sick sinus node syndrome (Samet and Narula, I970) .
Combined physiological abnormalities of the atrioventricular node and distal conduction system occurred in 17 of our patients (2I%), which corresponds with anatomical observations, such as Lenegre's (I964) that combined atrioventricular node and distal pathology was present in I6 per cent of 62 cases of complete heart block. Combined first degree block was documented in 10 patients (Fig.   8 ). First degree block of the atrioventricular node occurred in combination with second degree block of the distal system in i patient and in combination with third degree block of the distal system in 5 patients. On the basis of repeated His bundle study, reference has been made to a pathological process which extended from the distal conduction system to the atrioventricular node (Narula et al., 197I; Rosen et al., I97I) . The presumption of a process, such as a diffiuse coronary disease, or more than one ageing process, might explain the combined conduction abnormalities of this study and in other studies (Rosen et al., 197I) . James (I972) has noted that coronary disease may directly produce abnormalities of the entire conduction system and may be associated with degenerative disease of the conduction system.
Normal atrioventricular conduction shortly after atrioventricular block Two patients with combined acute anterior and inferior infarctions, had intermittent third degree block. Though chronotropic drugs were administered, intermittent third degree block occurred before and after catheter insertion (Fig. 2) and both patients died from pump failure.
Transient second degree block occurred in another patient with an acute anterior infarction. Atrioventricular conduction was normal at the time of study. Normal atrioventricular conduction precluded localization of the site of block. However, it is likely that the rapid change from normal to abnormal atrioventricular conduction resulted from ischaemia to the conduction pathway(s) (Whiting et al., I970; Nevins, I972) . Other parameters such as heart rate and blood pressure have been implicated in the development of ischaemic atrioventricular block (Gershengorn and Haft, I972) . Intraventricular conduction disturbances on standard electrocardiogram Abnormality of intraventricular conduction of the electrocardiogram varied from 3I per cent (4/I3) in the sick sinus syndrome to I00 per cent (9/9), by definition, in unstable bilateral bundle-branch block (Table 3) . We have previously mentioned the high incidence of distal conduction abnormality as defined by HV time in third degree block (James, 1972; Narula et al., I97oa; Steiner et al., I97i) and sick sinus node syndrome (Samet and Narula, I970) . It is not surprising, therefore, to find a respective 6i per cent and 3I per cent abnormality of intraventricular conduction in standard electrocardiograms of patients in these categories. Patients in other categories uniformly had a high incidence of electrocardiographic intraventricular conduction abnormality. Bilateral bundle-branch block in association with third degree block has been noted by many observers (Friedberg, Donoso, and Stein, I964; Lasser, Haft, and Friedberg, I968; Scanlon, Pryor, and Blount, 1970; Ehsani et al., I972) . There is a well-recognized relation between Mobitz II block and third degree block. Narula et al. (I97oa) described I3 patients with Mobitz II block, io of whom had electrocardiographic evidence of abnormal intraventricular conduction. Four of these patients had complete heart block. The high incidence of intraventricular conduction disturbance with varied types of second degree block noted in our study (74%, 14/I9) has not been as well appreciated.
